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glands than in glands in which 5 to 50% of the epithelial clonogens survive
(i.e., at doses of about 6-11 Gy) (MuSOa) (NCRP85).

From the standpoint of carcinogenesis, the important processes during
the latent phase include amplification of the radiation-initiated clonogen
population under repeated mitosis-triggering stimuli. During this process,
insofar as repeated rounds of DNA synthesis and mitosis play a role in
neoplastic changes in initiated cells, promotion and progression, as well
as clonal expansion, occur in the initiated cells. In endocrine-responsive
cell populations, progression is frequently associated with quantitative or
qualitative changes in hormone responsiveness (C175, Fu75).

The Phase of Thmor Growth

Radiation-induced thyroid tumors first appear as localized hyperplastic
nodules. They are often multifocal, suggesting that they originated from
randomly distributed initiated cells. Adenomas are most common, occur-
ring 10-16 months after exposure in rats and in increasing frequency with
time thereafter (Do63). Carcinomas appear after 18-30 months in rats and
are frequently found within or associated with adenomas.

The development of the thyroid cell transplantation technique has
permitted studies of carcinogenesis in vivo in terms of surviving clonogenic
cells, that is, thyroid carcinoma and total tumor incidence per 0 or 5 Gy of
x-irradiated grafted clonogen have been investigated in thyroidectomized
rats maintained on an iodine-deficient diet (Mu84, Wa88). On a cellular
basis, the radiogenic initiation frequency was high. For example, cancers
developed in 34% of the transplant sites, each of which were grafted with
11 surviving clonogens irradiated with a dose of 5 Gy. This corresponds to
one initiated clonogen for about every 32 clonogens grafted (Wa88).

In summary, although both benign and malignant thyroid neoplasms
arise from the relatively small radiation-initiated cell subpopulation, this
occurs gradually over time as the result of neoplastic promotion, progres-
sion, and clonal amplification under the mitogenic stimulation of TSH. The
intensity of the TSH stimulation depends in turn on the functional capac-
ity of the entire thyroid follicular cell population, a significant fraction of
which, although it retains secretory capacity, may die during mitosis from
radiation injury.

Summary

Thyroid cancer is well established as a late consequence of exposure
to ionizing radiation from both external and internal sources in humans
and experimental animals. The histopatholoy of radiogenic thyroid cancer
indicates that it appears to arise exclusively from the follicular epithelium.
It is relatively indolent and causes death infrequently (mortality/incidence